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This preject was iesigned <> produce an automated, high 
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accustical resonant modes in any given resonator as some 
external parameter iffecting thease values is varied. The 
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II. EQUIPMENT SETUP AND DESCRIPTION 
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MesClu-20n and excellent quality graphs included in this 
mepert and suitable for publication. It 15 a two pen 
Meet er Capable of utilizing up to ten cdSlors through 
programmed stops. Pew ias) cuter 2heCcer ol ot cing Speed of up 
to Six characters per sesond in any of fives character sets 
Meme csxt written in any direction, TLtne Oc awe hout 


@@eraccer Siant, and in varylnj sizes. it was utilized in 


eS 





the fully programmed node via the HPIB. ONes On. cs at 
Meecttires 2S the ability to define the plotting are:, 
mayemg the operator the capability of enlarging or shri 
the output size as desired. All figures in this thesis 
produced on this piec2= of equipnant. It is to be noted 
although these [igurss are actual system D.utputs or rep 
SeesyStem Outputs, thsy were collected overt & period o£ 
which involved sever2L experinsicts. Pils se sacn sade 7 
Meemabple May not sxarttly coinsia= in vaiu2 from figu 
figure since parameters suca as temperature, 
aeeeetae, cull scales sensitivity, time constants, freq 
Dawa,  Stc., ali affect 2acth variable and were pos 
Meeesotent for the ~:jgures shown. 
9- Thermis=or 

Meme nerMs Sot euto li zea °° 2m tants Sst up «2 
HP-0837-0164 resistive type with a ranae of -80 de 
@Betoo-uS toe 150 degrees Celsius with an accuracy cf pl 
Minus 6 deqrees Celsius for the range of -75 degrees Ce 
to 130 degrees Celsiis. Beta2is2 the temperature was 
being utilized as an indicator of change, it was 
necessary to measurs this quantity accurately for 
experiment. Thus, tne mast convenient means 


Zo 





Meeemoiisiirg the 2asired =ask was utiliz2i. The theanmistor 
has a nominal resistance of 500) ohms at 25 degrees Celsius 


Meseng tO 3.684 Mohms at -80 dzegrses Ceisius and falling to 


Mee? Ohms at 150 degrses Telsius. 


The resonator is a cylindrical brass cavity with 


Geemeces and length 2yual to 2.54 cm. The ends are cioved 


Seecimple e1ectret transducers. Dome tie leumest Ont ( Os Gc - x 


= 


and ieaye the resonator (2 helian recovery lin=) as utilized 


A permanently polariz2i 12 micron thick disk of 
teflon (the E€lectr2t), aluninized on one Side, is 
EmeccLostatically hald against a sand blasted metal 
electrode, which forms the alactrically active elamant in 
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the resonator, whil2 the 


Saecund. 
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The use of pre-charged 2lectret material eliminates 
the need for bias Suppli:s ordinarily present =f 
Pemveniczotadl Capacitive transducers. The calored-in circles 
See the figure are o-rings utilized in assenbling the 


MeeonatOr =c provide a gas tight seal. 





megure 3. RPO ENCERTOMCE VEE Ww Of, she GljwWw Will be «given 


mee owed by a descriotion of th individual blocks. 


Mme Qpeltac Or ZnputS 2h wUpoSst and Lower TlEequency, 3 
M@jeeve amplitude and 2a time sonstant. Paes. fee Gems an 
wet: be discussed later, but it also needs to be set on the 
MeGk—-.2 analyzer as well 2S entered into th]2 computer. This 
PeprrmerpCOnSei2UtTeS ths input cs 'Search'. Ete So Sanen, 25 


SeecOxamate Center itrequency ani ampiLituda is displaysd for 
all rcésonances within the frequency band entered. The 
desired modes are cidssen by tne Overstor and carried into 


moo". In *Sore' 2ach of th= modes iS raneasursd and then 


Suerput OL center frequency, maximum anplituds, qua lia 
meiecOor, and bandwidth. Anew time constanz is determined 
ea@eeal? are carried into ‘'Measare'. In 'Méasure!, a nore 


accurate center frequency, maxinum amplizud= and Q are found 
for each mode. Thes2 then go into 'Ravine! where thay are 
Memenred tO a high drecision by a modified Chi-squared 
Meee zaczOn algorithn. The last step is track! where sach 


of the modes is cogtiaually checked as weil as the resonator 
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‘ ° 


temperature until 2 change in 
Boeeeme Sr 3 GBETSCernc= in 
@eeslUsS is detected at Which 


ampiitude 
0.2 degrees 
Bee prog [2 


Oops) Seck 


moni iene 


ieee tS appropriate, ac Cols Noone, co Stace shat 
throughout zhe program, any svst2m equipment response times 
(as mentioned in Chapter ra) necessary for dana 
+ ere I$siaction = Ai = = = JeaWelo ew laee h +43 ca 
ememerer/acguiSition are alloWsa 7O €1apse tTHroug cne use 


of 
A. INPUT 

Tne overator s2zlects a 
frequency +o defina oe 
investigated. DSO, 2 drive 
amplitude are selectad, whic 


Peeluding 3500 Mililivolts 


Synthesizer /Function 


ia GS eee en 
ee . SS ake 


selected because 
were audtOmatically insrement 92 


to keep the lock-in 


-= hd 


value (max. rive) 


program attempt to exceed it 


amplitude. Reece inye, 9X 
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Generato:). 


is a d2fault value 


tine con 


WAIT statements prior to sampling any given response. 


tarz frequency and an eénd 
rrequency Specer un Meo de 


amplitude and maximum drive 
Sammoe “Gey Value up » 25 and 
(rans © 2 oa =e Hes ol o8 


adopted should 
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Mee~w-2in analyZ@= divides Sthe spectrum ints 256 regions and 
integrates over each. The program calculates a maxinun tau 


by 


a (Cupper ewer! 


Zam order that thera is net a Space between régions ani that 
Smee SenSitivity over the region be nearly flat. This vaiue 
Boece MaXimum such that the sperator selects a vainre 


a 


< 


Mewabl= On the id9ck-in analyzer which is equal to or less 
momen this and enters the valus s2t on the lock-in, into the 


Gempu Ter. 


mentioned above. S2cmmeee chess SSe6qGuencli2s 1s Serves the 


fee ESom the HP-65 t> he HP3325A and a resonator amplitude 


tty 


value for each of thase frequentiss is obtained by the HDP-85 
=rom the HP34U97A vie the HPIB. There is 2 programmed jielay 


(WAIT) of 4 tau between the sending of 3a Frequency and che 


empl ang Of 2tS amplitude in orier to allow the resonator to 


fu 
ct 


tain at least 98 percent of its Steady state value as 
G@etermined by the lock-in integration time. Die -6uOae = (OL 


Peewcegions Was dictited by ths horizontal resolution of the 


2 





He-So's CRT display. Bese Oe ee ee ene a eplor-ed on 


Pen GaT Wath the option of a hardcopy printout from the 


HP74U70A as in Figur2 4. This graphicaily displays where 
each of the resonanc3 mcoies within the specified frequency 
agnterval is located. 

Mmectmert gure 8 if can pe s2en that not cniy ar2 the 


responses from thr¢e2 major plaia 


() 


waVe modes display2d but 
also those of several other (2zimuthai, radial, mi xed) 
modes. It is possibl2> to conraatratea on any mods displayed. 
After the cperator enters a threshold relative amplitude 
value, Meee OUDPUSSl | YE5ViLdes 2 PELRTOUC On 2es the ranad 
beemeter listing ali amplituies acum t he ie associated 
frequencies which 2qual or exc2eq this threshcld value (see 
meee 2 in Chapter [V for printout). [If the operator is 
Meee st ted with the sutput, than the plot and the thernal 
PeemeOut are utilizsi to input <~o ‘'Sorte! the approximate 
center frequency and bandwidth for 2ach desired node. Ese 
meen Operator is not satisf:iei, Eve progtadl Loos Dag =D 


"Input', new parameters are chosen, end the process repsats 
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C. Soar 

Pie ie scone SOLc' oss. §cs adentify for the comouter 
meme modes to be investigated and to cbhtain “reasonable” 
values of center frequency, aaxinum amplitude, and quality 
factor for each desirad mnodé. "Reasonable", in this casé, 
mee aeraned as Sufficiantiy accurate to allow these Sotained 
femedie= =O 9S automatically contzolled in '‘dsasure!'. This is 
ecnisved by the oparator inputting a center fregqusnacy and 
Memenwcod.) fOr Gach mode cesirsi <0 be worked upon. As 


Meerigured, ud =O NinS noses cana be selected. However, this 


fees Cah De irneresases] through 2 program/dimension change to 
whatever number is desired. Nine was chosen as @ matter of 


Gonvenience t> simplity nenorvy nanagemen«. 
Memehaes Dertion, the bandwidth of each mode is divided 
mero cone hundred (an arbitrary number which gav2 sufficient 


sesolution) equal treéequency st2ps which are individually 


{Dp 


Sent and their respastive amplitudes collected in the same 
Manner aS in search. 

Once 3gain, Pomew BS sa1sbrated on the CRE Pvizch <=he 
Memeor fOr a hard scopy (Figur2 35). Wamic y= OUe ha cola 2s not 


Pemeeesr ied With the ds1tput, chen the program iocops bask io 


the start oor 'Sorc’ and new ilputs are entered. LEE 
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@eetatOr is Satisfied, PERemeeScGs@em Linas he max inun 


amplitude and its SQ-S=sos nad Frequency {center 
frequency). Pas = CCCOMDPlsase DY =SXamLting thesvalue of 


mee anplituds cr a3ach or the one hundred points ane 


Seiecting the one whish is greatest. The amplitude value of 
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Mme 3 dB down points is the 


j@w2Cc2 since there is botn an ioper frequency and a lower 
meequercy tor the 3 18 down amplitude valus. Gass Pao cess 
Memes tyes “he “five peirt £12". 

From these values, aquality factor is calculated which 
Momegqual tO the centsr frequanty divided by the difference 
Seechie upper and idwec 3 GB iow#1 trequencies. This value, 
as well as the center frequency 2nd maxinum amoiituds, is 
output t9 the HP-35 thernal printer (sea Table 2 of 
Meepcer IVY for print>at). 

This procedure is repeatei for ¢ach of the remaining 


Medes, Figures 6 ani 7 are th 


(p 


DlOsmeme OUcCDULS Of the oOfhee 
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two normal modes investigated in this example. Figure 8 is 
pueexXample CE One possible reisdn - for desiring to request 2 
new inpuz (wrong center frequeicy). Rie nS “ecece, i. is 


Bescsibie thet one of the 3 dB down points could not be found 
Mmeeom the Gat2 (aut of tangs). Frem this graph, the op2rator 


would obviously either chooss 
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Memencc-ease the banz2widta sush that the 3 45 dewr o9o0iht 


weed OCCULT th the cata. 


Memos 8LOCK,  =<hfee thangs occur. Poet gerne ba ne 
Berseant is found. Ponts 2 Te cot Stare e1s one eCcoustic mee ne 
Bemstan= sequired for each point =o attain 63 percen® 3f its 


° oe — - m « oS M4 — ~~ s = a ~~ SS ~ 
stzedv state valus. fiers Se IN -catet acy, Wise hes | cane 


ip 


Meee. Sedicted Ol @ Capacitor int an electrical circuit 


meecne=ge up to its full vaiuse. Tees ecous sic fang seems ta me 


t4 


Beeeeach mode is found by dividing the 9 for the mode dy P 


< 


St 
(D 


¢ 


th 


times the center frequency of the mode. Because s 
mre 6 in which Q is found, this equates £9 dividing ons by 
PI «<imes the difference of the 3 dB dewn upper and lower 
frequencies. Moa a tel id-ateeee ne Tams Sanstant fequ< red 


for each mode, th2 azw systém time constant sélacted is the 


adequately covered. 
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Second, zhe background nois2e level is determined by tha 
BellLOWing m<taod. Beem aynenestZelLecOuLoutS a Execuency off 


resonance into th2 c3sonator and the lock-in analyzer is 


sampled one hundred tines. The mean 2nd the standard 
aqeviation of this s2t of measurenenzS 1S caiculated. The 


fee) ratic for 2ach mdé¢. Poe 25S Welt iieced “in the 


MMP atwOn DL the third iten oe [TeeSoolook Wheen Willi be 


Meyecen= polnts being equal or in tae worst cas¢ inverting 
Geese et Cn A2US to assatiated unssrtainties or random systen 
noise. Peeve sel ney seb Si zs ( At) is large enough, 
then 


AA = Ama x ase A(f9+At) 


meee oC chosen so that th2 inversion will not occur. 


Assuming a Rayl¢igh iistribution lineshape then 


3) 





ea) 


A/Q 





Poy: 
to 2 1 
eo a & ole = 
ogame 92 
Recwacing £ with (foc + AE) ani € = MIV toys ote 2 asl zg 
Saudat_On is 
a ees 
Seale waco 17 
Mee The S¥Stem descriotd, 24 points sre az>romaily taken in 2 
Mmeecquency range or ¢ BW Where 2 = f0/B8A. Theretfcors, the 
Toliowing equation results: 
2€Q = 2 AL/BW = 1/6 < 1 
ard, that quantity syuared is ¢¢<1. Expanding and dividing 


py A 
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Ti A is chosen *o be some number of standard deviations, go , 


besed upon “he roise measurement, then 


{-* 
) 


Mer= 7/4 is 1/SNR (Signal=to-19ise ratio). Now, A 


meund <tc be 


2(SNR) Q 











— 


Mmemcne probability of an inversion, as déssribed above, is 
Set a* 0.1 percent, then N = 3.3 based upon a standard 
Mercer ibution curve. Pwo women NOL ng 2: chus pOlnt, that 


St ee on 


the probability cf iaversion away Irom maxinum is everywhere 
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Mewer Until the signal level is on <tae order of the 
backgrcund noise. lnoamikezeng cae | Osl percent criteria, 


fe< = 1.56*SOR(SNR). This number (I) 1S output to the HP-85 


eyetmal printer. ReemEEeCTral tNnen Getaults co <ewenty=rour 
peines aS a mininua. Tis value was based upon 4a 
@Meeeculetion f=om the Nyquist samoling rate. The minianua 
foom the Nyquist sampling rate ~m integer value) would be 
Besse; Dues css eheraolly 279560 Upon * ln  sniqineering 


MAC G=@mOo: omeece Of Deki wets requaredean 


pu 
U 
'O 
'? 
0 
Q 
sh 
qi 
1-* 
O 
| 
{nN 
cl 
oe 
po 
cl 
rey) 
a} 


Piao Cra. N92 Sit i Stactory r20broduction of the signal. 
Meee N.S DOint the pariwidth «#3235 doubled t> insure inclusion 
Mem che 3 GB down points ard thus the ‘ainimum number of 
points obtained egjualied 24. Por’ chilis choica the 
Meauersment that an iLaversion 412 to noise nas a probability 
of 0.1 percent or less requires the SNR t> equal or axceed 
237 (+47.5 4B). 

The system has worked whan the indicated number cf 
Beants wes as low as 10 (still isfaulting £5 a choices of 24) 
Mie OCCaSionally gav2 f2uity values due to the reasons 
discussed above. Le EOugn tao d NOt always happen, it is 
recommended that whenever the indicated number of points 


feiis below 24, elthec the SNR is improved (increase drive 





Timid mecca. le OL the MOda 25 net suitabie ict furcther 


bavest igati on. Resa oe wor eas eletmal Sutput format for 
Seu, noise and number of polats, iSacn owner tabls 2, 


Bach FesoOnarce naie has a frequency band calculatei for 


meer ‘Measure’. This band is twice the band defined by tne 


f-4- 


Pecos acoOwr bandwidt. Also, *he relative value of <he 


emmtetude fcr the senter Erequsicy is evaluated to ascertain 


each mode and sampling the aaplitude value. Tome «is 


Meeween 0.3 and 9.33 aS measired on «he Data Acquisitonr 


Pysoten, =hen no adjustment i135 necessary. ioe tte snot 
Meecrhin ctchese tlimics, fees ee ener, “doubled or .khsaved 


depending uvoon whether it was 2pD0ve or below the limits. 
This new value iS agzin tested in the abovs manner until it 


Mer Glcner Within the Llinits ofr has exceeded ~he naxinun 


drive amplitude whith was set back in ‘Input’. Lenchas 
happens (exceeding), then tha system derauits to the set 
value of maximum icive amplitude. This adjustment is 
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lock-in analyzer is a manual rather than computer controiled 
mmcCtLOn . 


in 'Measure' thea resonator amplitudes are obtained in 


the same manner (freyuency sent--amplitude measured) as in 
crt! Soy cas Cume, —tWeNcy-LOug ErSqJNenciss vise one 


Meio = SYStT=SNm 7O ESach within 6 ppm Sf the steady sizatse 
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the HP 4397A (8S exolained previously 2 the end of "NEW 


mat). Once tne data ape coilscted, <=h= ftcllowing seven 
permis Tit is apolisd. Se ee Gem lee tbe cUC He DOME a4 “16 
MemeSsese AC JACeNn= OPNCLATS 9H B2thtt siie oF 2t 25s used to 
@erane 2 parabolic curve. Tie tepen ano. SRE Of cchis 
Bamapola and the corresponding scentes Ersequency aze found by 


Setting the first darivativ= of the amplitude with respect 


mMeectequercy to zero. Steam oWeGs ene ©=Sul ing equations 
mae suosequent insertion of th2 solution into the original 


equétion yields 32 unique maximum amplitude and center 


frequency. This mola tude 2s then weilizged pe eee 
Seereculation of the 3 dB dowi ampiitudes. Frequencies 


Gezresponding +o the 3dB down points are then rfounz by 


dinear interpolation in the same manner as previsusly 





values; 2, maximum amplitud2? and center frequency are sent 


mee cAVING 
fae values £02 Tatamum amplitude, cenct2e=> frsaquency ana 
Meee es SC lOL AScSlnined Sy the Seven point fit described 


Oy the previous section ('Measurs') are substantially aoze 


empioying a wave analyzer of spectrum analyzer under manual 
mencrol. However, che high spesd numerical processing 


Ms y Of tre Gigitzl computsc allows 2 greatly expanded 


Meee oMen- Of ne data for sely 2 mininal investment in 
ectuel processing *im2. 
migm@icie¢ 2h chs assigngeit 9f A (amplituds), fo 


(frequency), and Q (quality factor) as the three paramea*ers 


memech chatacteriz 
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Shape (as is done 
meecughsut this *h2sis) is the assuaption =hee£ the 
ampii*tude, as a function of fraquéency, near resonance can be 


Gescribed by: 





A(fn) = A/Q[(fn/fo-fo/£a)2 + (179) 2] % 


where ; (fn) is th2 resonance Lineshape 


A 
A is the calrulated maxinum anplitude 
Gees £ne saleurated quality facto: 

is the calculated csatexr frequency 


En is the measured frequency (24 per mods) 


Meerg ail twenty-four points, it is possible to obtain ths 


fagmeeor tne squares of deviations cr the data from the 


52 (A,f0,0) = Et - A(En)] 2 


mice An is the méasuced amplitide of thea n(th) data voint 


and A(tn) i¢ as above 


Conventional data analysis then aeceprs. . the» "pest 
mmo.ce' for A, Q, aradero as Enate wneen causes -S2 £59 be a 
Minimum (Ref 3]. [itomienme m2 Z2c2O0n £Or a2 linear funsStion 
Mee a Straight forward algebr2ic process. However, an 


Gee eytic least squars fit to 2 non-linear function reguices 
fees inversions. fhis, in turn, not only requires large 


biocks of memory and computer time, but also can easily lead 


Meme rOrs die Cc intetnal rouni-cfit or truncation of digits 
ee 7 tne computer [Ref. 4}. BOs these reasons, the 


4Y 





following methcd was devised ani utilizedi for each of the 
resonant modes being investigat31i.  B3riefly, S*2 was comouted 


mee small variations in A 
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Originally computed values for these terns from the seven 
Beare fit. These $2 terms were ther utilized in 2 parabolic 
meetin af attempt to find those values of a, £9, and Q which 
wourd caus? S2 to be 2 minimun. Because the results of the 
seven point fit wecrs already quite good, the procedure, 
briefly described above and =xpanded upon in ths remainder 


fee n.S Sfction, 7o01Vv 


(D 


rg2s veircy rapidly to arn astonishingly 
mean Gegree of precision. Pies DEScicz oo wo li abe analyzed 
and discussed in detail in Chapter V. 


bon a) SN . ay eo ~~ —~ ~ - ites os _— 
Boe toe LeMein2cr Of this 923962, the um of “he squares 


Se ceviations (S*) 7 oioe See alee =O as the C=G vans, 


which was chosen for historic2i reasons. 

One at @ time, each of the three paramsters (A, £9, Q) 
in the resonance Lineshape (A(Zin)) ace varied. Tne 
meesoweng is an example to clarify this process. 

feeest tne C=G tetra Eor ths salculeted 9 is found. WNow Q 
Bemvericd by +0.5 percent and 2 second C-G term is found. 
memeliy, 2 is varied by -).5 peccent and a third C-G tarn is 


== | i a 


(D 


ct 


found. These threes °-G used to define a parabclic 
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Saeve (F2aqgure 9) andi anew valus for Q Which minimizes th 


(Dp 


C-G term is round. 
This new vaiue sf QQ replacas that found in the seven 


point fit and becomes tna new value to ba inserted in the 


rescnance lineshap>. Pio ee oOweveG, A tS eho VvVerzabdle 
=o be adjusted. dice 25 sOCeIarscd ae Wet J, C=G “CeEnNS are 
memira £Or A, A+ 9.2”@A, arc A - 0.2%A. Again, ~nese C-G 
Perms are utilized in a paraoolic curve minimization 2nd 3 
new vaiue for A is obtained which now replaces the A found 


Mamens Seven point fit. ‘Finally “hese new values cf 9 and A 
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Memeo Few Vaiues sf J, 5, 2232 A For the next @taratior. 


eeeeration. This process is ~epeated until the next 
Meeration contributes anegligibly small variation in the 
C-G value { Ref. 3]. 

feeene ectual opeogram utilized, the <srms wer2 variad in 


exactly the order describ24a because in the relative 
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Bese, Vaevying it first resulted i 
Mex=e Lecwest precisio1 <tsfm was A, so it was obviously «he 
next choice to be varied. noaitTyhy, Sa, wneens Ves actually 
well known, was varied. Becsis= or “he relative precision 


Maer A, ¢6Cand 6©6fOUuhCRES6UVaAriatiois were arbitrarily chosen at 


fee ang: cated values (0.5% 3 2, Osment A, and 0.005% ctr 
mee aS a@ Mater OL 2Zxperlense since thes values reitlected 
Me sacle ne Veriaeion ror =h2 ‘RAVINE’ t¢chrnique to be 
ef =ective. Ym D2gees Ne Soha Mmse-2Ons E£Cr QO, &, =2n@ £o 


miimecr-O ‘RAVINE, th2 smaiics these values can be made. 


teen conpletior Cte = Beata. Megs 2 os0n (DT O Gran 
dependent) Bne =hrSe=) YewieSt Vaitues for 9, f0, and Ft -ace 
Memeo Gd 2G f2nc 2 E€irat €-G t25n which -s then oerinted on 


m@emsyStem printer 221 storeai 51 a date tape. Tanis C-3 tern 


Meerciaced to Chi-syjuared ari may therefcere be used to 


Geeermi=ne the “goodness of Fit" (Ref. 3]. Dee thes. tone, 
Other parameters anid variabi2es are aisd printed on the 
systen printer ame Stored 35 she data tape (time, 
memeezature, Pressures, moie nunber, fo, A, QQ, SNR, drive 
amplitude, sequential data tape item number, and C-G Ravine 
value). These will be discussed at the snd of Chapter IV 


and a sample output will be shown (Table 1). 
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Mee Ppreterable methdsi Of Stoppage is =O utilize a "PAUSE! 


command from ‘the computer keyboard siace this enables 


Memtanuati On Ob projram cestart as desired. Lez, is to be 
Meeed that any Keyboard action will result ina Ral. 
feo, as well aS any of the sther méenticned halts (except 


meegon’) nay/wili ireqiizre re-loading the program into memery 





IV. SAUPLE SXPERIMED 


Tn order tc t25st «he system's ability #co measure the 
stated quantities ani to track the resonant modes as some 


external parameter was varied, an air fliited resonator was 


for its simplicity and because the varlation in scund speed 


were <racked &@S tas system warmed. Mieco ts sen ing l ano 
Memeo s. Gg Of Ge=d proceeded unassisted by che sperator for 
approximately twenty-zwo hours. Rermeene Si Oe “hes per. cd, 
mememecesonactcer had reached room tempezature and «he srocess 


was halted. The printout w2s sxamined and the data tape 


Meme? Zed fO Produce Figures 1) through 14 cn the system 


(ys 


Mee- ter tO demonstrate the utility of the systen. 


megane I SHeWSs 31 DOLE= Dy point plot of temperaturs? in 
decrees Kelvin versus time in ssconds. Meeeo= cane 10,000, 


the curve begins to appear 325 23 solid line because the 





feta ey aa ctsnaguashed in ¢he plot. This likewise occurs at 
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between a reference tamperature (2:2 infinite time) ani zach 
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PeaeV2Ccualliy measured temperature, versus time. fs. Oo2s 


Seeonemcial thermal aguiiibrium time. 


Meares ui2, 13, apd 14 show plots Of the Squats OF the 


normalized trequenci2s cf 23852 mode (f9/H4#)2 versus the 
absclute temperatures. POe 4p 262248 “gas cnese blocs Ssh dul¢ 
Meme tteight lines. Tn @ perfect resonator, eaca successive 
SBesonancz mode would 96 an exasti multipls of tie first and 


MmeememOrMali zed freqisnciss would lie identicaily upon one 


another. In this experiment node two is parallel «9 node 
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Gnaere the) « hermastor does not indicate absolute temperature 
exactly. The slop2 of the lines and the length of the 


mMecsonaror cOuid bs uwe=lilized 9 datermine the constants in 


ct 


the ideal gas equation of state. 
These figures (19 through 14) demonstrate 2 few fF the 


pessible msans of iisplaying the data stored on *he tave. 


are nesded and gener2te them accordingly. The seoOagran used 


mompecduce che of tnozse plots Ercom the data tape is included 


To enumerate what data is available on the tape, a 
Meret SE pP-Oduction (dot MATELK OUTPUT LS NOT DeTmML=ztse in 
6 hs thesis) GE 22> Syston OFLACSZ> OUZPUt j$for another 
experiment is shown in Table 1. ticerans ShOWR 2s —<hs 
average time at whith the measurements were taken. The 


temperature is the average at which time the measurements 
were taken (in degre2s C2lsius). Ohe pressure 2S = Sen. £0 
zero because a varyiag pressur2 was not to be evaiuated, and 
thus, ameeéens of detecting pressure was no* included in the 
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Mme Givisicon of A by the value found for the noise (as 
Begeeeined in Chaptec Ii). The next value ona normal 
Priantou~ would be the drive amplitudes of tha system followed 


by the sequentially iacreasing namber of the data tape iten. 


Meese two items were deleted from this figure in orier ts 
@errOrm <0 thesis requirements without requiztinrg bshoto 
iO UC Use Dv The whole line constitutes one data iten so far 


wemeeie cc oe limite of 350 data items are consernea. dHowevsr, 


4 ot ; ae ~ tS ~ _ = = > - > =~ + ~ = 5 ens <S YN 
eereemee in tre @ige is an actual sepacate entry within 


petemoeewene data itsns. The fiaal entry is the C-G "Ravine! 


eo > os moe OMe t ot S2 {h] cutoug cstained fron 


meme HP-@5 eieslce pranttces Jurong =a-) COUESE of an 
experiment. FOG multe n=r  amolefacetion of each of ithe 


miwere Ss, One Teader 15 directsi to Chavter III, sections B, 


agé@in because dot matrix outputs are not oermitzed in this 


thesis. 





TABLE 2 SAMPLE OUTPUT OF HP-85 THERMAL PRINTER 


AMPLITUDE [N VOLTS FREQUENCY 


. 01082675 6817.00 
. 00829425 6896. 00 
OO 7S 13769. 00 
. 00820725 12848. 0O 
. 00828725 20405. 00 
. 01466500 20484. 00 
. 02054900 2Geos. UU 
. 013539075 c0642. CO 
. 00859400 20721. 00 


foee | CENTER FREQ [IS S8S0 AND AMP [IS .O181355 Q [S 190. 123117729 
MODE 2 CENTER FREQ [S 13756 AND AMP [S .0127195 Q [S 135. 493980736 
MODE 3 CENTER FREQ [S 20540 AND AMP [S .02531475 @ [IS 194. 224445807 


TIME CONST > = 8. 86062488511 NEW TIME CONST [S 10 


The mean is .000378561 The standard dev is 9. 7975285484E-7 


NO. OF POINTS FOR MODE 1 [5S ele NO. CHOSEN [S 24 


NO. OF POINTS FOR MODE 2 [S$ 177 NO. CHOSEN I[S 24 


he OF POINTS FOR MODE 3 [S 250 NO. CHOSEN [S 24 





Mnhiswseect1On d=esseibdes the method utilized to determines 
Peer "ocodress of frit" end the casuiting precision. The 
pregram previously described was utilized in 2 steady state 
Meee’ con (no variation of e2ckernal parameters). L1iso, 
Betevene* Was programmed fo0r fli@een iterations per anode, 
eh a printou~ of the QQ, A, end ° £9 °vetu=es fos =ach 


[/e=bau.0n. iin ~his nanner tne change per iteration cculd be 


eeemuaced fer each of the vatis5iss. AS Seated Pprsvisusiv, 
Beeyvens’ is cemplecsed (C-G ninimized) When successive 
Miteee-s Ons produce 2 negliginble variation in the value 
obtained (Ref. 3}. Diem 2 927-1) Stamp be Fun, tae Variation 


between the fourteenth and Fifteenth iteration ((15-14) /15) 
waS approximately on2 in one million (mode 1) to one in tan 
Peron (mode 2) 25> J, one in two milliscn (mode 1) +t) ons 
meee een) Tliilion ¢mode 3) for A, and one in six biilion 
{mode 1) to oné in on2 hundred thiry-seven billion (mode 2). 
femme HV dent that the chang per iteration is definitely 
smail and thus the fifteenth iteration values were utilized 


ema o2Se line for t2:2 calculation ef precision to follow. 
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BaMiceeves nct only Siem Eecls2On. §LO' “NRICH any given 
instrument measures 12S well as that oF the dverall system 
be also the accuracy of Cacao nBasurement and the accuracy 
of thse overail syste2n. ror 2xamole, ens Syeeeon: “weil 


measure the given value sf the tamperature to within more 


Sen five Significan= rigures ostween -80 degress and 150 
Mormeeos Celsius, yet, it 28 only accurate <9 within six 


Meee =S Cslsius {a ft1iction of the thermistor). Thus, there 


A. SOVELUSTONS AND RECOMMENDATIONS 
eae ey On ea ha Ss SyS==M 25 Odt6in 9, A, arc fo far 


Smemaesses that Of any manual method. In aiiition, it allows 


mre ODALAL Sr Boro] Aeat -aac2t 294215 fULSeLORS as ths 
experiment progresses, dc2s not aKe fies cr Poo or / 


meectaing or dati, gives Jey EepEoduciDLe rSesuies 
micebperndent OF the Skill of the operator, and allows for <he 


moulcing data to be to bse SS VOGesen.od if 2 Vaaescy OF 


(D 
ay 


formats in avery short perioli of time. 
E oWdS Originally intend<ei chat this complete systen be 
MOE OtYpe tO then 53 transferrei to a system utilizing the 


MeeosoSo rathet than the HP-85. However, che equipment 
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Weert Jeg > F4ME” 

GBlse KEMOVE PROCGFRAS TAPE AND IMSTALL CATA TAPE” € EEE 


fPioe wWeeEN CCMPRETED, ENTEF L" 

meirUT Y 

Meee = tne S ELSE CLEAP © EEEP © GCCTC z 
Prpace IA FE 
MUNMOREATE “DAT 
Mec ureR w EEE 
MemoELLIAME UV ,vU 
Pweeeise “Enter icwer crea" 

PeeeiyPur Fl ! lewer trec 

41 CLEAR we EEEFP 

Pemeeior “Enter upecer trec” 

fem Fe ! Upper rcrec 

fee EF 2S=F i THEN CLEAR © BREF & GOTC 51 

mum i/(4*({P2=-F1)/256)) ! time ccnstant 

eo EAR © BEEF 
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yam ol Orato ME ar aa Ave aN D 
Ei iobel Seu Ue 


mele ior “when ccmelete, enter value set (in *illi-sec) " 


war iINPUT Tl 

eee: ti>oT*10OCU THEN CLEAR € GEEP @ GOTC ltvi 

Pepe iianx « £ELP 

Mepeeotior “Enter amp CL criving treq in mv (=<2£0C) RMS” 
Poo iSr “PECIMAL VALUES ARE NOT PERMITTED" 

MeeeiNPUT A ! amp cf treg 

ieee A>2Z500 THEN CLEAR € BEEP @ GOTC 151 

meee rOR N=l TC S$ 
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Momebisr "Enter largest value cf amp ever aesireda (=< 750 
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211 INPOT Al ! max future anp 

Peete Al>:5U0 THEN CLEAR © EEEP € GOTG 261 


Moto  chese cre the values to set up tne 325A 
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222 A2S="Am" 
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